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ABSTRACT

The Resource Assessment and Conservation Engineering Division of the

Northwest and Alaska Fisheries Center conducts annual summer bottom trawl

surveys to monitor the demersal fish and crab stocks of the eastern Bering

Sea continental shelf. In 1984, as in each year since 1979, a major portion

of the eastern Bering Sea shelf between the 20 m and the 200 m isobaths and

from the Alaska Peninsula north to approximately the latitude of St. Matthew

Island was surveyed. Samples were obtained by trawling for 30 minutes at

the center of each square of a 20 X 20 nautical mile grid covering the

survey area. Two vessels, the NOAA research vessel Chapman and the chartered

trawler Alaska  participated in the survey. Identical 83/112 eastern stern

trawls were used by each vessel.

Survey results presented in this report include an inventory of fish

species taken, estimates of the abundances of major fish and invertebrate

groups and economically important fish species, geographic distributions of

major fish families and economically important fish species, rank order of

abundance of fish species in the overall survey area and in each of seven

subareas, size composition of principal species, and age composition of

walleye pollock (Theragra chalcogramma).

Detailed catch and station data and computer listings of the analyses of

abundance estimates and biological characteristics of the sampled populations

are provided in appendices. 
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INTRODUCTION

The Resource Assessment and Conservation Engineering (RACE) Division of

the Northwest and Alaska Fisheries Center (NWAFC) has conducted annual bottom

trawl surveys to monitor the abundance, distributions, and population

structures of eastern Bering Sea demersal fish and crab stocks since 1971.

The information gathered is used to provide the North Pacific Fishery

Management Council with annual fishery-independent estimates of abundance and

biological condition of commercially exploited stocks , to provide distribution

and abundance information to commercial fishermen, and to develop a time

series data base contributing to our understanding of the population dynamics

and interactions of groundfish species.

Early investigations of groundfish stocks in the eastern Bering Sea

(1971-74) represented essentially an expansion of data collection during

annual assessment surveys of red king crab (Paralithodes camtschatica) stocks

in a limited area of the southeastern Bering Sea. The first large-scale

NWAFC survey of the eastern Bering Sea shelf was conducted in 1975 under

contract to the Bureau of Land management, in response to a need for baseline

data to assess the potential impact of proposed offshore oil exploration and

development on fishery resources (Pereya et al. 1976). During this baseline

survey, sampling was conducted over the Bering Sea shelf between the 20 m and

200 m isobaths and from the Alaska Peninsula north to approximately 62° N

lat. (Fig. 1). The survey region was stratified into seven subareas, with

sampling density allocated on the basis of available information on the

distribution patterns of economically important groundfish and invertebrates

and on the locations of potential oil lease sites in Bristol Bay and the

outer shelf region. Less extensive coverage of the shelf was obtained during

annual surveys in succeeding years until 1979, when another comprehensive



survey of the Bering Sea shelf was undertaken in cooperation with the Japan

Fisheries Agency (Bakkala and Wakabayashi 1985). The 1979 survey encompassed

the entire region sampled in the 1975 baseline study, along with additional

sampling in continental slope watersbetween the Aleutian Islands and the

U.S.-U.S.S.R. convention line, and in the region between St. Matthew and

St. Lawrence Islands (Fig. 2). A hydroacoustic survey was also conducted

in 1979 to assess the midwater component of the walleye pollock (Theragra

chalcogramma) population. Each annual bottom trawl survey since 1979 has

essentially repeated the sample grid established during the 1975 baseline

survey, with slight modifications each year. This region has been found to

encompass the major part of the distributions of economically important

Bering Sea groundfish species. Every third year (1979, 1982, 1985) an extended

survey has been conducted, including hydroacoustic assessment of midwater

pollock, bottom trawl sampling of the continental slope through the cooperation

of the Japan Fisheries Agency, and bottom trawl sampling in the region between

St. Matthew and St. Lawrence Islands.

This report describes the methods, used during the 1984 survey, in which

only the baseline study area was sampled , and summarizes the information

obtained for major groups of demersal fish and invertebrates and for indivi-

dual species of economically important groundfish; data gathered on principal

species of crabs are presented separately in a report by Otto et al. (1984).

SURVEY METHODS

Survey Area and Sampling Design

Sampling was conducted between 5 June and 27 August 1984. A systematic

sample of the demersal fish and invertebrates of the shelf was obtained by

trawling for 30 minutes at the center of each 20 x 20 nautical mile (nmi)
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Figure 1. --Sampling stations and subareas of the 1975 baseline
survey, with approximate locations of oil lease
areas (from Pereya et al. 1976).

Figure 2. --Sampling stations and stratification of the 1979
expanded triennial survey (from Bakkala and
Wakabayashi 1985).



grid block within the baseline survey area, resulting in a base sampling

density of approximately one station per 400 nmi2 (1,372 km2). A total of 355

standard survey stations were sampled in 1984, with two vessels fishing

alternate north/south rows of the station grid, and proceeding from Bristol

Bay westward to the shelf break (Fig. 3). This alternate-row fishing pattern

is used to facilitate fishing power comparsons between the two vessels.

The survey region was divided into seven subareas for analysis and

reporting of biomass and population statistics; These subareas essentially

follow the stratification established in the 1975 baseline survey. Addition-

ally, sampling intensity was doubled in the vicinities of the Pribilof and

St. Matthew Islands in order to increase coverage of blue king crab

(Paralithodes platypus) stocks in these areas. Calculations were performed

separately for the low and high density sections of each subarea, giving a

total of 15 geographical strata for analytical purposes. Due to the

high-density sampling regions and the irregular boundaries of the survey area,

sampling density varied among subareas, ranging from 1,142 km2 per station in

subarea 5 to 1,413 km2 per station in subarea 3N (Table 1).

Vessels and Fishing Gear

The 1984 survey was conducted aboard the 38.7 m NOAA research vessel

Chapman and the 30.5 m trawler Alaska, chartered from the University of

Washington (Table 2). Identical 83/112 eastern stern trawls, equipped with

double 30 fathom dandylines and 24-inch footrope chain extensions to improve

the net's ability to tend bottom , were used by each vessel (Table 3). Net

mensuration studies conducted on this gear during the 1983 survey gave a mean

path width of 16.54 m on the Chapman, and 16.41 m on the Alaska. A mean

vertical opening of 2.3 m was observed for both vessels.
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Figure 3. --Sampling stations included in the 1984 survey analysis. Solid lines
indicate subarea boundaries; the two regions bounded by dashed lines
were sampled at high density for increased coverage of blue king
crab (Paralithodes platypus) stocks.



Table 1 .--Size of subareas used during the 1984 bottom trawl survey and
sampling densities by subarea (see also Fig. 1).
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Table 2 .--Vessels participating in the 1984 bottom trawl survey.

Table 3.--Characteristics and dimensions of the 83-112 eastern stern trawl
used during the 1984 survey.
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Collection and Processing of Samples

Sampling procedures used in RACE eastern Bering Sea assessment surveys

are described in detail by Wakabayashi et al. (1985). A brief summary will

be given here.

Catches of less than approximately 2,500 lbs. (1,150 kg) were entirely

processed; larger catches were weighed with a dynamometer and a subsample to

be processed was taken from one side of the net--left or right as the net

appears while fishing-- in order to avoid any bias in the subsample that might

result from vertical stratification of species within the codend (Hughes,

1976). Pacific halibut (Hippoglossus stenolepis) and crab species of the

genera Paralithodes (red and blue king crabs), Chionocetes (Tanner crabs),

and Erimacrus (hair crabs) were sampled at a rate of 100%, regardless of

total catch size. The economically important fish and invertebrates in the

catch (or subsample) were sorted to the species level in most cases. However,

two Atheresthes species, A. stomias (arrowtooth flounder) and A. evermanni

(Kamchatka flounder) were grouped as "arrowtooth flounder" due to the

difficulty of differentiating these species in the field. Similarly, two

species of Hippoglossoides, H. elassodon (flathead sole) and H. robustus

(Bering flounder) were grouped as "flathead sole." Minor species of fish and

invertebrates were sorted to the lowest taxonomic level practicable within

time constraints of the survey. The catch of each species was entirely

weighed and enumerated either by a complete count or by counting a weighed

subsample. Weights and numbers of individuals from a subsampled catch were

then expanded to the total catch.

Sex and size composition were determined for all commercially important

species captured in significant numbers (100 or more fish) each haul (Table

4). For commercial species present. in large numbers, random subsamples of
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Table 4 .--Numbers of fish measured and age structures collected during the
1984 eastern Bering Sea groundfish survey.
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approximately 200 individuals (300 in the case of pollock) were sexed and

measured (to the nearest centimeter) from the tip of the snout to the end of

the mid-caudal fin rays.

Age-structure samples, stratified by sex and length, were collected in

both the northwestern and southeastern divisions of the survey area (Table

4). Dorsal fin rays were taken from Pacific cod (Gadus macrocephalus) for

age determination, and scale scrapes from Pacific herring (Clupea harengus

pallasi); otoliths were used for age determination in all other species. Ten

structures per sex/centimeter interval were collected from pollock and yellowfin

sole (Pleuronectes aspera); five structures per sex/centimeter interval were

taken from all other major species.

Temperature profiles of the water column were obtained at each station

by means of an expendable bathythermograph (XBT) or conductivity-salinity-

temperature-depth (CSTD) instrument cast.

Data Analysis

The procedures used in analysis of RACE Bering Sea survey data will be

described briefly. For a detailed description, the reader is referred to

Wakabayashi et al. (1985).

Relative fishing powers of the two vessels were determined for each

species by comparing the catch per unit effort values (CPUE, in kilograms per

hectare trawled) obtained by each vessel in sampling an equal number of

stations over the same general region of the survey area. All hauls on the

standard survey grid that could be matched with a corresponding haul by the

other vessel in an adjacent row were used in fishing power analysis, with the

stipulation that pairs of hauls in which the bottom temperature recorded by

one or both vessels was less than or equal to O°C were excluded due to differ-

ences expected in the distributions of groundfish across the zero-degree
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isotherm: The need for a fishing power correction factor was assessed for

each species by determining whether the distributions of CPUE values obtained

by the two vessels were statistically equivalent, based on a method described

by Geisser and Eddy (1979). In this procedure, a "discrepancy" statistic, D,

is calculated for the CPUE values, first under the assumption that the CPUE

distributions for the two vessels are indistinguishable (D1), and second

under the assumption of distinct distributions (D2). If D1 exceeded D2 for a

given species, the CPUE distributions obtained by the two vessels were consi-

dered statistically different. The vessel with the higher catch rate for

that species was then assigned a fishing power of 1.0, and catch weights and

numbers taken by the less efficient vessel were multiplied by a correction

factor equal to the ratio of the CPUE value of the more efficient vessel to

the CPUE value of the less efficient vessel.

Relative catch rates of each species, by subarea and for the overall

survey area, were calculated as the mean CPUE in kilograms per hectare.

Catch rates for each stratum were weighted by the stratum area and summed

over strata to calculate the mean CPUE for each of the subareas and for the

overall survey area. Standing stock (biomass) estimates were obtained for

each stratum by multiplying the stratum mean CPUE by the stratum area.

Stratum values were then summed to give biomass estimates for each subarea

and for the total area. Population estimates were derived in an analogous

manner, expanding mean number per hectare to obtain stratum estimates and

summing stratum estimates to give subarea and total population estimates.

In estimating the length distributions of populations of principal

species, relative length-frequency data obtained at each station were first

expanded to give the number of fish (per hectare trawled) falling within each

sex/centimeter interval at that station. These values were then summed over
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all stations within the stratum for which length data was obtained, giving

the estimated relative length frequency of the stratum population. These

relative frequencies in turn were applied to the total stratum population

estimate to obtain estimates of the numbers of fish in each size category in

that stratum. Finally, stratum estimates were summed to give the estimated

size composition of populations by subarea and for the overall survey area.

Age composition was estimated by apportioning the computed population length

distribution among ages according to age/length keys derived from the strati-

fied samples of age-structures.

RESULTS

Station and Catch Data

The unadjusted catch weights (kg) of each species are listed by vessel,

and haul number, along with the date, location, depth, duration, and distance

of each tow, in Appendix A.

Environmental Conditions

Sea surface temperatures recorded during the 1984 survey ranged from

1.6°C to 10.1°C. Surface temperatures tended to increase from east to west

across the shelf (Fig. 4), probably reflecting the warming of the surface

water during the summer as the vessels proceeded from east to west during

the survey. Bottom temperatures ranged from -1.8°C to 9.6°C. The warmest

bottom temperatures (above 6°C) were observed in shallow waters near the

Alaska coastline (Fig. 5). Bottom water over most of the shelf fell within

a range of from O°C to 4°C, although a cold bottom water mass less than O°C

was observed extending south and east from the vicinity of St. Matthew Island.

Comparison of annual mean bottom temperatures observed in a region of the

southeastern Bering Sea that has been sampled consistently since 1972 (Fig. 6)



Figure 4. --Distribution of surface water temperatures observed during the
1984 survey.
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Figure 5. --Distribution of bottom water temperatures observed during the
1984 survey.
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indicates the variability of summer temperature conditions of near-bottom

waters on the eastern Bering Sea shelf (Fig. 7). Mean bottom temperatures

observed for this area during annual summer surveys have ranged from 1.2°C

to 4.8°C; in 1984, a mean of 3.1°C was observed, a value at approximately the

middle of this range.

Relative Fishing Powers of the Participating Vessels

In preliminary analysis of the 1984 data, unusually large differences in

the estimated fishing powers of the two vessels were obtained for a number of

groundfish species. The observed differences were believed to result from a

tendency of these species to avoid the cold bottom water mass extending

southeast from St. Matthew Island, rather than to reflect true differences

in vessel fishing power. All pairs of tows in which one or both of the

vessels encountered bottom temperatures of O°C or less were therefore

excluded from final fishing power analysis for 1984. A total of 244 tows,

122 for each vessel, were used for statistical comparison of mean catch

rates and in calculations of relative fishing power (Fig. 8).

Comparison of "discrepancy" statistics (Geisser and Eddy 1979) indicated

that the Alaska was significantly more efficient at capturing yellowfin sole,

rock sole (Pleuronectes bilineata), flathead sole (including Bering flounder),

poachers (all species combined), and shrimps (all species combined) than was

the Chapman. Fishing power correction coefficients were therefore applied to

catches of these species by the Chapman in order to standardize them to the

higher catch rates obtained by the Alaska (Table 5). The Chapman captured

sablefish (Anaplopoma fimbria) at a much higher rate than did the Alaska;

however, no correction factor was applied because sablefish were encountered

in very few tows, and the sample size was considered insufficient for a valid

comparison of fishing power.
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Figure 6.--Portion of the Bering Sea survey area that has been sampled
annually since 1972. Sampling stations falling within this
area were used in calculation of mean summer bottom water
temperatures (Fig. 7).

Figure 7.--Mean summer  bottom water temperature in the southeastern Bering
Sea 1972-84, based on Northwest and Alaska Fisheries Center annual
survey data.
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Figure 8. --1984 survey stations included in fishing power analysis.
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Table 5 .--Comparison of mean catch rates of major species and species groups
taken by the Chapman and Alaska using the alternate row fishing
method to measure relative fishing powers between vessels.a

aComparisons based on 122 stations sampled by each vessel in alternate rows.

bAnalysis of Geisser and Eddy (1979) "discrepancy" statistics indicated
that CPUE value. distributions for the two vessels were not statistically
equivalent (D1>D2). Fishing power correction factors were applied to
standardize the Chapman catch rate to that of the Alaska.

c"Flathead sole" includes Bering flounder; "Arrowtooth flounder" includes
Kamchatka flounder.
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Overall Abundance of Major Fish and Invertebrate Groups
and Distribution of Fish Groups

A total of 82 species of fish , representing 20 families, were encountered

during the 1984 survey (Table 6). The estimated abundances of major fish and

invertebrate taxa are summarized by subarea in Tables 7 and 8. A biomass of

14.2 million metric tons (t) was estimated for the total survey area; fish

species accounted for 84% (11.8 million t) of the total biomass and inverte-

brates made up 16% (2.3 million t). Fish species in two families--Gadidae

(cods) and Pleuronectidae (flatfishes) --constituted 96% of the total estimated

fish biomass. Total gadid biomass was estimated at 5.6 million t, 4.6 million

t of which consisted of pollock. Total pleuronectid biomass was estimated to

be 5.7 million t, primarily yellowfin sole. Grab species accounted for 34%

of the estimated invertebrate biomass, asteriod starfish for 27%, and snails

for 18%. Distributions of total fish and major fish families (cods, flounders,

sculpins, skates, eelpouts, smelts, poachers, and snailfish) are illustrated

in Figures 9-17. The greatest concentrations of total demersal fish biomass

(400-2000 kg/ha) were located in Bristol Bay, along the north side of the

Alaska Peninsula, and in scattered dense patches along the outer shelf (>100 m

depth) (Fig. 9). This distribution largely reflects the abundance patterns

of cods, which were distributed primarily along the outer shelf and north of

the Alaska Peninsula in concentrations of up to 2,000 kg/ha (Fig. 10) and of

flatfish, which were abundant throughout the inner (<50 m depth) and middle

shelf (50-100 m depth) regions with concentrations of 200-900 kg/ha found in.

Bristol Bay and the middle shelf (Fig. 11).
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Table 6 .--List of fish species taken during the 1984 bottom trawl survey.
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Table 6 .--Continued.
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Table 6. --Continued.
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Table 6 .--Continued.

aNomenclature from Robins (1980) unless otherwise noted.

bNomenclature from Eschmeyer, Herald and Hamman (1983).

CNomenclature from Kessler (1985).

dNomenclature from Quast and Hall (1972).

eNomenclature from Sakamoto (1984).
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Table 7.--Summary of apparent biomasses of major fish species and fish groups
taken during the 1984 bottom trawl survey.

aRounding accounts for minor discrepancies between sums of subareas and total survey area, and between sums of taxonomic
subgroups and major groups.

b Proportion of total estimated biomass, fish and invertebrates combined, for the total survey area. Total estimated
biomass = 14,167,101 t.
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Table 8 .--Summary of apparent biomasses of major invertebrate taxonomic
groups taken during the 1984 bottom trawl survey.

aRounding accounts for minor discrepancies between sums of subareas and total survey area, and between sum of taxonomic
subgroups and major groups.

bProportion of total estimated biomass, fish and invertebrates combined, for the total survey area. Total estimated
biomass = 14,167,101 t.
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Figure 9.--Distribution and relative abundance in kg/ha of total fish
during the 1984 survey.
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Figure 10. --Distribution and relative abundance in kg/ha of total cods
during the 1984 survey.
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Figure 11 .--Distribution and relative abundance in kg/ha of total flatfish
during the 1984 survey.
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Sculpins, with an estimated biomass of 237,000 t, were taken in low

numbers throughout the survey area and in concentrations of 15-180 kg/ha in

the vicinities of the Pribilof and St. Matthew Islands (Fig. 12). Skates had

an estimated biomass of approximately 188,000 t and were most abundant in the

outer shelf area where they were found in quantities of up to 60 kg/ha (Fig.

13).

Of the less abundant fish families, eelpouts (approximately 31,000 t

total biomass) were seldom captured at depths less than 50 m and were most

abundant (up to 30 kg/ha) in the north portion of the middle shelf (Fig. 14).

Clupeids, represented in trawl samples only by Pacific herring, were taken

largely in the Bristol Bay area. (The trawl survey biomass estimate of

15,700 t for this species cannot be considered representative since these fish

are primarily distributed in midwater.) Smelts (approximately 10,000 t esti-

mated biomass) were taken in small quantities throughout the inner shelf and

in portions of the middle shelf, with one area of high concentration located

in the outer shelf just north of Unimak Pass (Fig. 15). Poachers (9,000 t

total estimated biomass) were taken consistently over most of the survey

area, but never in amounts exceeding 4 kg/ha (Fig. 16). Sablefish, the only

representatives of the family Anoplopomatidae in the survey area, were

encountered primarily on the outer shelf, with an estimated biomass of 9,000 t.

Snailfishes (total estimated biomass of 700 t) were taken infrequently, in

scattered tows, at a maximum rate of 1.4 kg/ha (Fig. 17).

Sakhalin sole (Pleuronectes sakhalinensis) were found at several stations in

the northern part of the survey area in 1984. This species has not previously

been reported in RACE surveys of the eastern Bering Sea. However, specimens

may have been encountered in this area in earlier years but misidentified as

butter sole (Pleuronectes isolepis), a species very similar in appearance but

occurring only as far north as the southeastern Bering Sea.
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Figure 12. --Distribution and relative abundance in kg/ha of total sculpins
during the 1984 survey.
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Figure 13. --Distribution and relative abundance in kg/ha of total skates
during the 1984 survey.
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Figure 14.--Distribution and relative abundance in kg/ha of total eelpouts
during the 1984 survey.
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Figure 15.--Distribution and relative abundance in kg/ha of total smelts
during the 1984 survey.
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Figure 16. --Distribution and relative abundance in kg/ha of total poachers
during the 1984 survey.
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Figure 17. --Distribution and relative abundance in
during the 1984 survey.

kg/ha of total snailfish
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Relative Abundance of Individual Fish Species

Mean catch rates (CPUE in kg/ha) of the 20 fish species taken in greatest

abundance over the survey area as a whole are listed, in order of relative

abundance, in Table 9. These 20 species accounted for 83% of the total CPUE

(fish and invertebrate) in the survey area. Walleye pollock and yellowfin

sole, with overall mean catch rates of 98.7 kg/ha and 72.4 kg/ha, respectively,

together made up 56% of total CPUE.

As in previous years (Sample et al. 1985, Bakkala et al. 1985, Hirschberger

1985), by far the highest total catch rate (457.4 kg/ha) was observed in sub-

area 1 --Bristol Bay and the shelf north of the Alaska Peninsula. Catches in

this region were dominated by yellowfin sole and walleye pollock, taken in

nearly equal quantities (132.8 and 128.8 kg/ha) (Table 10). These two species,

together with rock sole, captured at a rate of 74.2 kg/ha, and Pacific cod,

taken at 28.5 kg/ha, made up 80% of the total catch in this region. The

catch rate observed for yellowfin sole in subarea 1 in 1984 was approximately

28% lower than that seen in 1983 (Hirschberger 1985). Catch rates for all

other major species in this area were very similar to those obtained in 1983.

Walleye pollock dominated catches in the outer shelf regions (subareas

2, 3S, and 3N), accounting for 54-66% of the total mean CPUE values (Tables

11-13). Catch rates for pollock in 1984 were very similar in all three

subareas, ranging from 159.8-189.7 kg/ha, although much higher rates had been

observed in the southern regions of the outer shelf than in the northern area

during the 1983 survey (Hirschberger 1985). Pacific cod ranked second to

pollock in abundance in the northern portions of the outer shelf (subareas 3S

and 3N) with catch rates of 32.9 and 39.0 kg/ha. Several species of flounder--

flathead sole, arrowtooth flounder, and yellowfin sole--outranked Pacific

cod in the southern outer shelf (subarea 2), declining inabundance to the
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Table 9 .--Rank order of abundance of the 20 most abundant species of
fish taken during the 1984 bottom trawl survey, total
survey area. (Total effort = 1,611.9 hectares (ha) trawled.)

a90% confidence intervals for estimates of mean CPUE are given in
Appendix B.

bTotal CPUE (all fish and invertebrates) = 304.94 kg/ha.
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Table 10. --Rank order of abundance of the 20 most abundant species of
fish taken during the 1984 bottom trawl survey, Subarea I.
(Total effort = 264.2 hectares (ha) trawled.)

aTotal CPUE (all fish and invertebrates) = 457.40 kg/ha.
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Table 11 .--Rank order of abundance of the 20 most abundant species of
fish taken during the 1984 bottom trawl survey, Subarea 2.
(Total effort = 191.8 hectares (ha) trawled.)

aTotal CPUE (all fish and invertebrates) = 326.96 kg/ha.
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Table 12. --Rank order of abundance of the 20 most abundant species of
fish taken during the 1984 bottom trawl survey, Subarea 3S.
(Total effort = 298.5 hectares (ha) trawled.)

aTotal CPUE (all fish and invertebrates) = 296.72 kg/ha.
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Table 13 .--Rank order of abundance of the 20 most abundant species of
fish taken during the 1984 bottom trawl survey, Subarea 3N.
(Total effort = 156.4 hectares (ha) trawled.)

aTotal CPUE (all fish and invertebrates) = 265.42 kg/ha.
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north. Total CPUE on the outer shelf also declined somewhat to the north,

dropping from 327 kg/ha in subarea 2 to 265 kg/ha in subarea 3N. Overall

CPUE and rank order of species showed little change from the 1983 values for

the three outer shelf regions (Hirschberger 1985).

Catches in the inner and middle shelf regions (subareas 4S and 4N) were

heavily dominated by yellowfin sole, which comprised 41-49% of the total

CPUE, at catch rates of 147 and 101 kg/ha (Tables 14-15). Pollock, Alaska

plaice (Pleuronectes quadrituberculatus), rock sole, and Pacific cod followed

yellowfin sole in abundance in the inner shelf area. (subarea 4S), with catch

rates of 13-25 kg/ha. In the middle shelf (subarea 4N), pollock and rock

sole CPUE declined to less than 10 kg/ha while the catch rate of Pacific cod

remained nearly constant and that of Alaska plaice doubled to 42 kg/ha.

Total CPUE observed in both subareas was substantially less in 1984 than that

reported for 1983 (Hirschberger 1985)  a 16% decrease in CPUE in subarea 4S,

and a 25% decrease in subarea 4N.

Overall fish abundance was very low in the region surrounding St. Matthew

Island (subarea 5) in 1984. Total CPUE was only 91.5 kg/ha, as compared with

a value of 288.9 kg/ha obtained in 1983, and no species was captured at rates

in excess of 15 kg/ha mean CPUE (Table 16). This dramatic change reflects

the near absence of both walleye pollock and Pacific cod from this region in

1984. Pollock, taken at a rate of 3.3 kg/ha, had been captured at a rate

of 152 kg/ha in the same area in 1983. Similarly, the CPUE for Pacific cod

was only 2.6 kg/ha in this area in 1984 , compared with 37.7 kg/ha in 1983.

Catches in subarea 5 in 1984 were dominated by Alaska plaice, butterfly

sculpin (Melletes papilio), and various species of Myoxocephalus sculpins.
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Table 14--Rank order of abundance of the 20 most abundant species of
fish taken during the 1984 bottom trawl survey, Subarea 4S.
(Total effort = 268.8 hectares (ha) trawled.)

aTotal CPUE (all fish and invertebrates) = 300.34 kg/ha.
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Table 15.--Rank order of abundance of the 20 most abundant species of
fish taken during the 1984 bottom trawl survey, Subarea 4N.
(Total effort = 340.7 hectares (ha) trawled.)

aTotal CPUE (all fish and invertebrates) = 243.82 kg/ha.
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Table 16. --Rank order of abundance of the 20 most abundant species of
fish taken during the 1984 bottom trawl survey, Subarea 5.
(Total effort = 91.5 (ha) hectares trawled.)

aTotal CPUE (all fish and invertebrates) = 95.01 kg/ha.
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Abundance, Distribution, and Size and Age Composition of
Principal Fish Species

In this section, geographical distribution, biomass and population

estimates, and size canposition are presented for each of the following

economically important eastern Bering Sea groundfish populations: walleye

pollock, Pacific cod, sablefish, yellowfin sole, rock sole, flathead sole

and Bering flounder, Alaska plaice, Greenland turbot (Reinhardtius

hippoglassoides), arrowtooth and Kamchatka flounder, and Pacific halibut.

Distribution is shown in shaded contour plots of CPUE in kilograms per hectare.

Estimated biomass, population number, and mean size (in length and weight)

are summarized by stratum and for the entire survey area. Histograms of

relative length canposition for each stratum and for the total survey area,

as well as histograms of absolute abundance (in number's) by length interval

for the total survey area, are given for all of the above species. Estimated

numbers by age class are shown for the on-bottom portion of the walleye

pollock population; at this writing, age information is unavailable for the

remaining species.

The rank order of relative abundance of all fish and invertebrates

caught during the 1984 survey is given in Appendix B. Detailed computer

listings of population and biomass estimates for each species by stratum are

given in Appendix C. Population estimates by sex and size class are found in

Appendix D. The age-length key used in determining the age canposition of

walleye pollock is given in Appendix E , and the estimated pollock population

numbers by age class are listed in Appendix F.
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Figure 18. --Distribution and relative abundance in kg/ha of walleye pollock
during the 1984 survey.
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Table 17. --Abundance estimates and mean size of walleye pollock by subarea and
subareas combined, 1984 bottom trawl survey.

aVariances of abundance estimates are given in Appendix C-1. 

bMinor discrepancies between sums over subareas and totals may occur due to rounding.



49

Figure 19. --Estimated relative size composition of the walleye pollock
population sampled during the 1984 survey, by subarea and
for the total survey area (sexes combined).



Table 18.--Estimated population size of walleye pollock age groups by subarea and for all subareas
combined (millions of fish).

aAge '1' includes both 1-year-old fish and all fish smaller than the smallest individual in the
aged sample. Age '12' includes 12-year-old fish and all fish larger than the largest individual
in the aged sample.

bMinor discrepancies between sums over subareas and totals may occur due to rounding.
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Figure 20.--Estimated size composition of the walleye pollock population
sampled during the 1984 survey, in millions of fish
(sexes combined).

Figure 21. --Estimated age composition of the walleye pollock population
sampled during the 1984 surrey, in millions of fish
(sexes combined).
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Figure 22. --Distribution and irelative abundance in kg/ha of Pacific cod
during the 1984 survey.
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Table 19. --Abundance estimates and mean size of Pacific cod by subarea and subareas
combined, 1984 bottom trawl survey.

aVariances of abundance estimates are given in Appendix C-2.

bMinor discrepancies between sums over subareas and totals may occur due to rounding.
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Figure 23.--Estimated relative size composition of the Pacific cod
population sampled during the 1984 survey, by subarea and
for the total survey area (sexes combined).
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Figure 24. --Estimated size composition of the Pacifc cod population
sampled during the 1984 survey, in millions of fish
(sexes cabined).
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Figure 25. --Distribution and relative abundance in kg/ha of sablefish
during the 1984 survey.
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Table 20 .--Abundance estimates and mean size of sablefish by subarea and subareas
combined, 1984 bottom trawl survey.

aVariances of abundance estimates are given in Appendix C-3.

bMinor discrepancies between sums over subareas and totals may occur due to rounding.
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Figure 26. --Estimated relative size composition of the sablefish
population sampled during the 1984 survey, by subarea and
for the total survey area (sexes combined).
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Figure 27.--Estimated size composition of the sablefish population
sampled during the 1984 survey , in millions of fish
(sexes combined).
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Figure 28.--Distribution and relative abundance in kg/ha of yellowfin
sole during the 1984 survey.
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Table 21 .--Abundance estimates and mean size of yellowfin sole by subarea and

subareas combined, 1984 bottom trawl survey.

aVariances of abundance estimates are given in Appendix C-4.

bMinor discrepancies between sums over subareas and totals may occur due to rounding.
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Figure 29. --Estimated relative size composition of the yellowfin sole
population sampled during the 1984 survey, by subarea and
for the total survey area (sexes combined).
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Figure 31.--Distribution and relative abundance in kg/ha of rock
sole during the 1984 survey.
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Table 22. --Abundance estimates and mean size of rock sole by subarea and subareas
combined, 1984 bottom trawl survey.

aVariances of abundance estimates are given in Appendix C-5.

bMinor discrepancies between sums over subareas and totals may occur due to rounding.
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Figure 32. --Estimated relative size composition of the rock sole
population sampled during the 1984 survey, by subarea and
for the total survey area (sexes combined).
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Figure 33.--Estimated size composition of the rock sole population
sampled during the 1984 survey, in millions of fish
(sexes combined).
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Figure 34.--Distribution and relative abundance in kg/ha of flathead
sole and Bering flounder during the 1984 survey.
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Table 23 .--Abundance estimates and mean size of flathead sole and Bering flounder by
subarea and subareas combined, 1984 bottom trawl survey.

aVariances of abundance estimates are given in Appendix C-6.

bMinor discrepancies between sums over subareas and totals may occur due to rounding.
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Figure 35. --Estimated relative size composition of the flathead sole
and Bering flounder population sampled during the 1984 survey,
by subarea and for the total survey area (sexes combined).
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Figure 36. --Estimated size composition of the flathead sole and Bering
flounder population sampled during the 1984 survey, in
millions of fish (sexes combined).
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Figure 37. --Distribution and relative abundance in kg/ha of Alaska
plaice during the 1984 survey.
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Table 24.--Abundance estimates and mean size of Alaska plaice by subarea and

subareas combined, 1984 bottom trawl survey.

aVariances of abundance estimates are given in Appendix C-7.

bMinor discrepancies between sums over subareas and totals may occur due to
rounding.
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Figure 38. --Estimated relative size composition of the Alaska plaice
population sampled during the 1984 survey, by subarea and
for the total survey area (sexes combined).
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Figure 39. --Estimated size composition of the Alaska plaice population
sampled during the 1984 survey, in millions of fish
(sexes combined).
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Figure 40.--Distribution and relative abundance in kg/ha of Greenland
turbot during the 1984 survey.
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Table 25 .--Abundance estimates and mean size of Greenland turbot by subarea and
subareas combined, 1984 bottom trawl survey.

aVariances of abundance estimates are given in Appendix C-8.

bMinor discrepancies between sums over subareas and totals may occur due to rounding.
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Figure 41 .--Estimated relative size composition of the Greenland turbot
population sampled during the 1984 survey, subarea 3N
(sexes combined). (Sample sizes in the remaining subareas
were insufficient to provide meaningful size-composition
estimates. 1
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Figure 42. --Distribution and relative abundance in kg/ha of arrowtooth
and Kamchatka flounder during the 1984 survey.



Table 26 .--Abundance estimates and mean size of arrowtooth and Kamchatka flounders
by subarea and subareas combined, 1984 bottom trawl survey.
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aVariances of abundance estimates are given in Appendix C-9.

bMinor discrepancies between sums over subareas and totals may occur due to rounding.
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Figure 43.--Estimated relative size composition of the arrowtooth and
Kamchatka flounder population sampled during the 1984 swey,
by subarea and for the total survey area (sexes combined).
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Figure 44. --Estimated size composition of the arrowtooth and Kamchatka
flounder population sampled during the 1984 survey, in millions
of fish (sexes combined).
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Figure 45.--Distribution and relative abundance in kg/ha of Pacific
halibut during the 1984 survey.
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Table 27 .--Abundance estimates and mean size of Pacific halibut by subarea

and subareas combined, 1984 bottom trawl survey.

aVariances of abundance estimates are given in Appendix C-10.

bMinor discrepancies between sums over subareas and totals may occur due to
rounding.



Figure 46.--Estimated relative size composition of the Pacific halibut
population sampled during the 1984 survey, by subarea and
for the total survey area (sexes combined).
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Figure 47. --Estimated size composition of the Pacific halibut
population sampled during the 1984 survey, in millions
of fish (sexes combined).
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APPENDIX A

Station and Catch Data, 1984 Eastern Bering Sea Trawl Survey

Appendix A contains computer listings of station and catch

data for all successfully completed stations used in the analysis

of 1984 Bering Sea survey data. Missing haul numbers indicate

unsatisfactory tows (Alaska hauls 64 and 98) or non-station tows

conducted for gear comparison (Chapman hauls 161-188 and 228-251,

Alaska hauls 159-186) or special crab-assessment studies (Alaska

hauls 187-209).

Latitudes and longitudes are given in degrees, minutes, and

tenths of minutes. Gear depths are reported in meters, duration

of tow in tenths of hours, and distance fished in nautical

miles. A performance code of '0' indicates a satisfactory tow; a

performance code of '1' indicates that the gear was hung up or

ripped at some point during the haul, but that the catch was

judged by the field party chief and the lead fisherman to have been

unaffected. Gear code 37 represents the modified 83-112 eastern

trawl. Catch weights are given in kilograms.
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APPENDIX B

Rank Order of Relative Abundance of Fish and Invertebrates

Appendix B contains a computer listing of all fish and

invertebrate species taken during the 1984 demersal trawl survey

in order of relative abundance in kilograms per hectare.
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APPENDIX C

Abundance Estimates for Principal Fish Species

Appendix C contains computer printouts of abundance estimates

for each of the principal eastern Bering Sea groundfish species

in terms of CPUE (in kilograms per hectare and numbers per hectare),

population number, and biomass (in metric tons). Confidence

intervals include only sampling error and do not incorporate

effects of biases from other sources. Estimates are given separ-

ately for each of the 15 geographic strata used in the analysis;

estimates for each of the seven standard subareas are presented

as subtotals of the component strata, and the estimates for the

overall survey area are shown as the total for all strata. Strata

codes correspond to subareas (illustrated in Fig. 3) as follows:

Other column headings are defined as follows:

Area: Area of the stratum, in square nautical miles (nmi2).

Samples: The number of sampling units in the stratum. (One
sampling unit equals the mean path width of the
trawl times a distance of 1 nmi.)
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Mean WT KG: Mean weight of individual fish captured in the given
stratum.

Method: Code 1 indicates that weights and numbers were available
available for all catch records for that species.
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APPENDIX D

Population Estimates by Sex and Size Groups
for Principal Fish Species

Appendix D presents estimates of the numbers of individuals

within the overall survey area by sex and size group for principal

species of fish.
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APPENDIX E

Age-length Key for Walleye Pollock

Appendix E presents age-length data collected for walleye

pollock during the 1984 groundfish survey, in separate age-length

keys for males, females and unsexed fish. The "unsexed" key is

actually a combined key, including the age-length data taken from

males, females and unsexed (usually juvenile) specimens. In

determining the population age composition (Appendix F), the male

key was applied to the male population, the female key to the

female population, and the combined key to the unsexed population,

apportioning ages among length categories in the proportions

occurring in the keys. When no age samples were available for a

given length interval, ages for fish of that length were apportioned

by interpolation, over gaps of not more than 5 centimeters.
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Table E-1. --Age-length key for walleye pollock (cont'd).
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APPENDIX F

Estimated Age Composition for Walleye Pollock

Appendix F presents population estimates for the on-bottom

portion of the eastern Bering Sea walleye pollock population, by

age class for the total survey area, along with mean length for

each age class.
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Table F-1. --Estimated age composition and mean length at age of walleye pollock.


	TABLE OF CONTENTS
	INTRODUCTION
	SURVEY METHODS
	Survey Area and Sampling Design
	Vessels and Fishing Gear
	Collection and Processing of Samples
	Data Analysis

	RESULTS
	Station and Catch Data
	Environmental Conditions
	Relative Fishing Powers of the Participating Vessels
	Overall Abundance of Major Fish and Invertebrate Groups and Distribution of Fish Groups
	Relative Abundance of Individual Fish Species
	Abundance, Distribution, and Size and Age Composition of Principal Fish Species

	REFERENCES
	APPENDIX A Station and Catch Data, 1984 Eastern Bering Sea Trawl Survey
	APPENDIX B Rank Order of Relative Abundance of Fish and Invertebrates
	APPENDIX C Abundance Estimates for Principal Fish Species
	APPENDIX D Population Estimates by Sex and Size Groups for Principal Fish Species
	APPENDIX E Age-length Key for Walleye Pollock
	APPENDIX F Estimated Age Composition for Walleye Pollock

